Introduction {#sec1-1}
============

Diabetic nephropathy (DN) is the leading cause of end-stage renal disease (ESRD) around the globe.\[[@ref1]\] Projections from the recent Indian Council of Medical Research--India Diabetes study has shown that India has 62.4 million people with diabetes making DN an important cause of renal failure.\[[@ref2]\] Asia has a high prevalence of DN.\[[@ref3]\] A study from India has shown that 31.3% of renal failure in India is caused by DN.\[[@ref4]\] Recently a histological classification was proposed for DN.\[[@ref5]\] This study was carried out to determine the histopathological lesions in DN and to correlate clinical findings with histology.

Aim of the study {#sec2-1}
----------------

This study was carried out to determine various renal histopathological lesions in diabetic patients with renal dysfunction and to establish clinic-pathological correlation.

Materials and Methods {#sec1-2}
=====================

All diabetic patients (type I and II) admitted in the wards of nephrology, Osmania General Hospital, Hyderabad with renal dysfunction (either proteinuria \>3000 mg or elevated serum creatinine) were included in the study. Patients with acute precipitating factors for renal dysfunction, isolated micro-albuminuria, those with bilateral contracted kidneys, patients with contraindications for renal biopsy or those unwilling for renal biopsy were excluded.

The prospective study was carried out from November 2010 to August 2013 in Department of Nephrology, Osmania General Hospital. Of 302 diabetic patients with renal dysfunction, 188 had contracted kidneys, bleeding diathesis or were unwilling for biopsy and hence excluded from the study. Remaining 114 patients were subjected to renal biopsy. The study protocol was approved by the Human Ethics Review Committee of Osmania Medical College and an informed consent was obtained from each patient. Diagnosis of diabetes was made using American Diabetes Association criteria for diagnosis of diabetes.\[[@ref6]\] Detailed analysis with respect to history, duration of diabetes, mode of treatment for diabetes, renal symptoms, details of micro- and macro-vascular complications of diabetes was done. Each patient underwent a comprehensive clinical examination. Fundus examination was performed by single ophthalmologist. Fluorescein angiography was done when indicated. Investigations included renal profile (blood urea, serum creatinine, serum electrolytes, complete urine examination and for 24 h proteinuria estimation). Glomerular filtration rate (GFR) was calculated by the Cockcroft-Gault formula in adults and Schwartz formula for children. Random, fasting and post-prandial blood sugar, complete hemogram, liver function tests, clotting time, bleeding time, prothrombin time, international normalized ratio and appropriate imaging and radiological investigations were done. Ultrasonographic examination was carried out to assess the renal size. Renal biopsy was performed in 114 patients after stabilization under ultrasound guidance with a biopsy gun (BARD gun 16/18 G, 22 mm, cutting edge). Three samples were collected in all; samples were analyzed under light microscope (LM) and immunofluorescence (IF) by a single pathologist. Electron microscopy was also done if classification was not possible by LM or IF. All universal precautions were executed during the biopsy. Processed tissue was stained with hematoxylin and eosin, periodic acid Schiff, silver methenamine and Masson trichrome. Immunofluorescence microscopy was done after staining with fluorescent labeled antisera to IgG, IgM, IgA, C3, CIq and fibrinogen. The intensity was semi-quantitatively scored, as 0 for negative, 1 + for present, 2 + for definite and 3 + for strongly positive. Renal lesions in DN were classified according to "pathologic classification of DN" by Tervaert *et al*. Renal Pathology Society (RPS).\[[@ref5]\] This classification scheme is based on glomerular lesions because these are relatively easy to recognize with good inter observer agreement and because glomerular lesions best reflect the natural course of progressive DN. Of course, glomerular and interstitial lesions contribute to the decline in renal function in DN and may be independent factors in the progression of DN; however, many studies also show that severity of chronic interstitial and glomerular lesions are closely associated. In the present study of type 1 and type 2 diabetic cases are classified together as suggested in RPS classification and clinicopathological correlation was analyzed.

Histopathology was analyzed in correlation with age, sex, duration of diabetes mellitus (DM), proteinuria, retinal finding on fundus examination, renal function tests/GFR, associated hypertension, glycemic control and need for renal replacement therapy. Statistical analysis was performed by utilizing IBM SPSS Inc 19 software at department of biostatistics, National Institute of nutrition, Hyderabad. Frequency tables were made to estimate the frequency and percentage of each parameter analyzed. Descriptive statistics were expressed in terms of minimum, maximum, mean and standard deviation. Logistic regression was used for the prediction of occurrence of an event. Categorical data were compared using Chi-square test and means were compared using Student\'s *t*-test (for two groups) or by analysis of variance (for more than two groups). *P* \< 0.05 was considered to be significant.

Results {#sec1-3}
=======

A total of 114 diabetic patients with renal dysfunction (defined as nephritic proteinuria or elevated serum creatinine) underwent renal biopsy. None of the patients developed macroscopic hematuria or needed hospitalization. 2 patients had post biopsy pain which subsided with analgesics. Eighty six (75.43%) patients had DN on biopsy. Twenty eight patients had non-diabetic renal disease (NDRD) either alone or superimposed on DN and were not analyzed in this study. Out of 86 patients type 1 diabetes was present in 8 cases and 78 cases had type 2 diabetes.

Fifty five (63.95%) patients were male and 31 (36.09%) were females with a male: female ratio of 1.7:1. Mean age was 50 ± 13 years (range 6-75 years). Sixty five (75.58%) patients were between 30 and 60 years of age while 6 (6.9%) were \<30 years and 15 (17.4%) were \>60 years of age.

In these 86 patients mean duration of diabetes was 7.04 ± 4.9 years. Thirty two (37.2%) had diabetes \<6 years duration, 32 (37.2%) had between 6 and 10 years duration while 22 (25.58%) had diabetes for \>10 years.

Mean 24 h urine protein in the study group was 3.68 ± 2.44 g/day. Forty seven patients (54.65%) had subnephrotic proteinuria and 12 patients (13.95%) had proteinuria of \>5 g/day.

Mean serum creatinine in study group was 5.2 ± 2.9 mg/dl, with mean estimated glomerular filtration rate (eGFR) 23.43 ± 21.48 ml/min/1.732 m^2^. Three (3.48%), 2 (2.32%), 20 (23.25%), 18 (20.93%) and 43 (50%) had chronic kidney disease stage I, II, III, IV and V respectively.

Diabetic retinopathy {#sec2-2}
--------------------

Of the 86 cases, 48 patients (55.81%) had DR and 38 patients (44.18%) had a normal fundus. Only 14 (37.5%) of 32 cases who had diabetes of \<6 years duration, 17 (53.1%) of 32 cases who had diabetes of 6-10 years duration and 17 (77.2%) of the 22 cases who had diabetes of \>10 years duration had DR. Prevalence of DR was more in patients who had diabetes for \>10 years than patients who had diabetes for \<6 years (*P* 0.022).

Histopathology {#sec2-3}
--------------

Out of 114 cases 86 (75.43%) cases had DN on histopathology. The most common histological class was Class IV observed in 37 (43.02. %) cases followed by Class III DN in 24 (27.90%) cases, Class IIa and Class IIb in 11 (12.79%) cases each and Class I DN in 3 (3.48%) cases.

DN class versus duration of diabetes {#sec2-4}
------------------------------------

Mean duration of diabetes in cases with DN was 7.31 ± 4.78 years. Mean duration of DM in DN Class I, IIa, IIb, III and IV was 6.5 ± 2.12, 6.25 ± 4.77, 5.36 ± 4.17, 7.72 ± 4.81 and 7.89 ± 5.15 years respectively. DN poorly correlated with duration of diabetes (*P* 0.336).

Of the three cases with Class I DN, one patient had DM of \<6 years and one patient had DM for 8 years. 6 (54.5%) cases with Class IIa DN and 5 (44.45%) cases with Class IIb DN had DM for \<6 years, only 2 (18.18%) cases with Class IIa and Class IIb had DM for \>10 years. Of the cases with Class IV 13 (35.1%) cases had DM for \<6 years, 14 (37.8%) cases had DM of 6-10 years and 10 (27.02%) cases had DM of \>10 years duration. Duration of diabetes poorly correlated with Class of DN (*P* 0.85) \[[Table 1](#T1){ref-type="table"}\].

###### 

Duration of diabetes and class of DN
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DN versus DR {#sec2-5}
------------

Of the 86 cases 48 patients (55.81%) had DR and 38 patients (44.18%) did not have DR. DR poorly correlated with DN.

All three of Class I DN did not have DR, 27.2% of cases of Class II DN, 54 (58.33%) of Class III DN and 75.6% of cases with Class IV DN had DR respectively. Of the 48 cases with DR 58.33% of cases had Class IV DN, 14 (24.16%) cases had Class III DN, Class IIa and Class IIb was found in 3 (6.38%) cases each while none had Class I. Presence of DR correlated with higher class of DN (*P* = 0.012) \[[Table 2](#T2){ref-type="table"}\].

###### 

Relation between diabetic retinopathy and class of DN
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DN versus proteinuria {#sec2-6}
---------------------

Mean 24 h urinary protein in patients with DN was 3.68 ± 2.44 g/day. Mean 24 h urinary protein in DN Class I, IIa, IIb, III and IV was 1.2 ± 1.27, 2.74 ± 3.33, 2.45 ± 1.26, 3.97 ± 1.87 and 4.31 ± 2.59 g/day respectively. Higher class of DN was associated with greater proteinuria (*P* 0.024).

DN versus hypertension {#sec2-7}
----------------------

Of the 86 cases 48 (55.9%) cases had hypertension. 48.8% of cases with hypertension had Class IV DN on biopsy and 89.18% of cases with Class IV DN had HTN. Presence of hypertension correlated with higher class of DN (*P* 0.0003).

Correlation of eGFR and histology {#sec2-8}
---------------------------------

Mean eGFR of cases in DN Class I, IIa, IIb, III and IV was 33.52 ± 24.9, 28.22 ± 21.9, 22.9 ± 8.6, 17.4 ± 19.6 and 10.12 ± 4.89 ml/min/1.732 m^2^ respectively. Mean eGFR correlated well with class of DN, with lower eGFR associated with higher DN class (*P* \< 0.001).

Discussion {#sec1-4}
==========

The progressive rise in the number of patients with ESRD due to DN is a major social and economic problem in several countries. Furthermore, prognosis in such patients is poor compared with patients with ESRD due to other renal diseases and hence special treatment guidelines are defined for this subset.\[[@ref6]\] Proteinuria in diabetic patients is usually interpreted as a clinical manifestation of DN.\[[@ref7]\] Although kidney biopsy is the most unbiased method of evaluation in proteinuric patients, it is rarely used in subjects with DM with isolated proteinuria.\[[@ref8]\] The primary aim of kidney biopsy in proteinuric patients with DM is to confirm/exclude NDRD.

There are no standardized criteria for renal biopsy in DM or DN, therefore obtaining a renal biopsy from patients with DM or DN is currently a matter of judgment by the primary physician. Currently, renal biopsy is commonly performed in those patients who show features considered to be atypical for DN.\[[@ref9]\] These include (1) absence of DR, (2) low or rapidly decreasing GFR, (3) rapidly increasing proteinuria or nephrotic syndrome, (4) presence of active urinary sediment or (5) signs or symptoms of other systemic disease. Biopsy is not indicated when there is typical evolution of renal disease and/or concomitant retinopathy.

Although pathologic classifications exist for several renal diseases, a uniform classification for DN is lacking. In 2010 Research Committee of the RPS developed a consensus classification combining type 1 and type 2 diabetic nephropathies.\[[@ref5]\]

This study looked at the histology in patients with DN. In the literature we could not find many studies, which have classified DN according to this new classification. Ours is the first Indian study to classify cases of DN according to the RPS classification.

There are, however, multiple studies on NDRD. In the present study, NDRD on histopathology was present in 28 (26.9%) patients. The reported incidence of NDRD ranges from 23% to 54% in proteinuric type 2 DM patients.\[[@ref10][@ref11][@ref12][@ref13][@ref14][@ref15][@ref16][@ref17]\] Variation in incidence could be due to selection bias in indications for biopsy. A meta-analysis of data available on prevalence of non-diabetic kidney disease among type 2 diabetic patients done by Zukowska-Szczechowska and Tomaszewski\[[@ref18]\] revealed that non-DN was evident on kidney biopsy in approximately 22% of European and 26.7% of Asian patients with type 2 DM. Thus even after adjusting for differences in methodology among the studies, NDRD may affect a significant percentage of patients with type 2 DM. Therefore, kidney biopsy may become a useful diagnostic option among proteinuric patients of DM.

In the present study, mean duration of diabetes was 7.04 ± 4.9 years, mean duration of diabetes in cases with DN was 7.31 ± 4.78 years. The mean duration of DM in DN Class I, IIa, IIb, III and IV was 6.5 ± 2.12, 6.25 ± 4.77, 5.36 ± 4.17, 7.72 ± 4.81 and 7.89 ± 5.15 years respectively. There was no statistically significant correlation between duration of diabetes and class of DN (*P* = 0.83). However, Schwartz *et al*.\[[@ref19]\] noted that there was significant difference in duration of diabetes between patients with Kimmelstiel-Wilson (K-W) lesions and mesangial lesions.

DN in cases of DR {#sec2-9}
-----------------

In a study of renal biopsies in patients with presumed DN by Harada *et al*.\[[@ref11]\] of the 21 cases with DR 18 (85.7%) had DN. Prakash *et al*.\[[@ref10]\] reported 9 (60%) cases with retinopathy had DN and 40% had NDRD. In a study done by Christensen *et al*.\[[@ref20]\] 20 of 52 patients with type 2 diabetes without DR and albuminuria more than 1 g/day were biopsied, out of which 35 (69%) patients had DN on biopsy. Schwartz *et al*.\[[@ref19]\] noted 7 of 8 (87.5%) patients without retinopathy had mesangial sclerosis characteristic of DN. Prakash *et al*.\[[@ref21]\] noted that 4 of 8 (50%) cases without DR had DN. Serra *et al*.\[[@ref22]\] have reported that diabetic glomerulosclerosis was diagnosed in 17 (74%) of patients without DR. Thus, it is clear that absence of retinopathy cannot exclude the presence of DN. Clearly DN can occur in absence of retinopathy in type 2 proteinuric diabetic patients.

DR in patients of DN {#sec2-10}
--------------------

In our study of the 86 cases of DN 48 patients (55.8%) had DR while 38 patients (44.18%) had a normal fundus. Presence or absence of DR poorly correlated with presence or absence of DN. In study by Harada *et al*.\[[@ref11]\] of the 36 cases with biopsy proven DN 21 (58.33%) had DR while 15 (41.66%) did not have DR. Similarly 50% of proteinuric type 2 diabetic patients with typical DN on biopsy did not have DR in the study by Prakash *et al*.\[[@ref21]\] Parving *et al*.\[[@ref14]\] noted that DR was present in 15 of 27 patients (56%) with diabetic glomerulosclerosis, while none of the eight patients with a non-diabetic glomerulopathy had retinopathy.

In the present study, all three of Class I DN did not have DR while 27.2% of cases of Class II DN, 58.3% of Class III DN and 75.6% of cases with Class IV DN had DR respectively. Of the 48 cases with DR 58.3% of cases had Class IV DN, 14 (29.1%) cases had Class III DN, Class IIa and Class IIb was found in 3 (6.25%) cases each, none had Class I DN. Presence of DR correlated with higher class of DN (*P* 0.012). Similar observations were noted by Harada *et al*.\[[@ref11]\] patients with both DN and DR showed more severe renal histology than those without DR. Schwatrz *et al*.\[[@ref19]\] noted that patient with K-W lesions had correlation with retinopathy but not mesangial sclerosis, similar observations were made in type 1 DM also by Chavers *et al*.\[[@ref23]\]

Mean 24 h urinary protein in NDRD was 2.3 ± 1.87 g/day. Higher class of DN was associated with higher proteinuria (*P* = 0.024). Similar observations were made by White\[[@ref24]\] Osterby *et al*.\[[@ref25]\] and Mise\[[@ref26]\] where severity of proteinuria correlated with index of structural lesions.

Nearly 49% of cases with HTN had Class IV DN on biopsy and 89.3% of cases with Class IV DN had HTN. Presence of hypertension correlated with higher class of DN (*P* = 0.0003) in patients with DN. Mean eGFR in DN was 19.96 ± 17.52 ml/min/1.732 m^2^. Mean eGFR of cases in DN Class I, IIa, IIb, III and IV was 33.52 ± 24.9, 28.22 ± 21.9, 22.9 ± 8.6, 17.4 ± 19.6 and 10.12 ± 4.89 ml/min/1.732 m^2^ respectively. Lower eGFR was associated with higher DN Class (*P* \< 0.001). Schwatrz *et al*.\[[@ref19]\] noted that there was significant difference in creatinine clearance between patients with K-W lesions and mesangial lesions with lower GFR in the former group.

Thus, our study attempts to highlights the importance of renal histology in diagnosis and prognosis of diabetic kidney disease. A recent study has also shown that the prognosis of diabetic kidney disease depends on the histology and has validated the clinical utility of histological classification of DN.\[[@ref27]\]

Conclusions {#sec1-5}
===========

Most common histopathological lesion in patients with diabetes with renal dysfunction is DN. Among patients with DN most common class of DN is Class IV followed by Class III, II and Class I. Duration of diabetes correlated poorly with class of DN. However, eGFR and hypertension correlated well with histology with lower GFR and hypertension seen in higher histological classes. DR correlated poorly with presence or absence of DN. Thus, renal biopsy aids in staging of renal lesions in diabetic patients with renal dysfunction.
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